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ARSOR BA n] JR5 BE PO AR P Gemini Y JoH 85 5 35 18 7% 1 51 7 SR ALY S8 07 95 I v Do 5
KBy, MSUA PRSI BB G PR, JF Aoy SRl iE , & R A 7 5 Al aa i B s 7 sc i, 5
TEFI ] Gemini 73T FAIE BUHIAT e FHES 7~ RA2 82 5 O RS RS AR, dEmiH g i 3¢, [l i e
DU5 A RN & 3 o m] DUXE L3R Py ) S B TG PR DR B — @ R PRI VR, SEA AR 25 1
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1 SRIGERSY

1.1 RKFENEE

W (PSF) , Sigma-Aldrich( L) S5 A BRA R S HERAT (KPS) | =S W ke (5&47) . |8
ERTR (RFUEL 36% ~38% ) FIER IR, 254k 2% FRA R 5 Gemini FY FH 2 2 1 G 1750 [T 4 —
MR — CFRAE B e 3 — IR/ AR ) (Gyy)  WUT M R — CPRAEFE R (- e ik — F BE 5/ 1R
L) (Goppn)  UT I8 R — CBREE I (7S BE s G/ BULEL) (Glae) 1, TIRTIEZEL THAR
ABRAFE]L Fr A s b el B KR L 8K,

Spectrum One ( B) i L IH-AR 8 2T /M G1E (FTIR ) {2, 4000~500 cm™ , 4338 4 ecm™ | Perkin-Elmer
O3]y HCT-2 BUAL2E R, N, SR, FHEERE 10 °C/min, JbaUHEARAER) 5 CMT6502 $i7 /)
ISP, MRV 0, IRFERA . 25 mm x 4 mm, SCHEREE 1 mm/min, RIIE = EADRG A R
N
1.2 Gemini-PSF E 5B F X REH Fl &

PR (PSF) Fl Gemini A FHES 1R AEMEA CEBTRER 0. 2000 g, Gemini HY FHE] 3 M6 PR
B 5%, 10%, 15%, 20%) % 30 mL &5, #iE T2 HE 2% M, BT 60 C kxR
N6 h, FEBEFEEFE AN S B 0. 5% 8951 &5 KPS( 433 WK, [k 1.5 h A 3 ROWEH)E, R
TAE TR b P iU, RT3 A 48 T, BIE7E 0.1 mol/L 1Y KOH H 24 h, Huh, T
50 CEZTHZ2fEE, 53 T4 OH 1Y Gemini-PSF & & BB e #efit. L4 3 DRI, 7059
FRIEHN Gy, o(w%)-PSF, G,y ,,(w% ) -PSF Fll G, (w% ) -PSF | w% A Gemini %I PH S 13 i 1% 4 571
BRI, 20N 5%, 10%, 15% , 20%. BB TR E 64533 72 W Scheme 1.

1.3 SKkERAKENUE

¥ Gemini-PSF Z 4 1B 72 T 60 C TH: EIHE, FREE BT (m,, ) MW F(S,, ). SRIE1E
FIRFT, BT RE TR 24 b, BIRECH , FHIEACHGHE IR AR W K 4), FRE (m,,, ) B i
F(S,.)-

FKFE(WU, %) FIEIKE (SR, %) i@t F 5.

m

wet mdry
WU =" % % 100% (1)
mdry

Seer = Sy

wet

SR =

x 100% (2)

14 BFSHRERESENHIE |

K FFRME NaOH 59 F) IR 1 58 B2 058 Gemini-PSF &4 B B 1 A5 # JI5 ) B8 35 e i

TEN, SRPT, SRV E Y I Gemini-PSF 84 B8 TS B A L SR [ 0 (S/em) |, I
H R

L
0’ =
R xS

. Lem) HEEIEREE, R(Q) AFFAEEBEE ; S(em®) AHE#EE L.

(3)
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Scheme 1 Synthetic procedure of G,,, ,,-PSF hybrid membranes

1.5 mEiREH
B Gyrs(w%) PSF FINE A BB FAC R M AE 6 mol/L KOH A7 240 h, £E[AIF 48 h B,
MEHB SR o, HHGRZIEHEAEFE o BHAL, 8 BEAHRSERBEELEL o, -0, F %
Mgm@¥%§ﬂ§%@%?ﬁﬁﬁ%ﬁﬁﬁ%ﬁ

2 GRS

2.1 ISMEEISHR
Bl 1 353 2 s SR B 2 AL BT ) Gy, (20% ) -PSF IR ZLAMERE (eI 4= UGS, ATR).
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1 el W, 7E4l PSF IERYZT 4GS, 1065 em™
b B A T M W S 1 T S0 R (—S0,— ) 1 X B A A SRR R )
R4EES), 1250 F1 1002 cm™" &b 45 AF W2 Ui 4 Sk [

THS B AEX B4R 30, 1325 F1 1298 cm™ BT e T W

A RR R R G e [ 1 ST R 5k 78 A X5 R A 4 Wi B0 R
1580 Fl 1478 cm™" 4b 1 33 W g 2 B (14 4% 1 W i W
m%LZlJ‘

KL HRAL FRAY IR AL A LT AN ETE T, 1730 em™ 3500 3000 2500 2000 1500 1000
R ST A SRR I 0 Sy i 3 P e 3 118 A 4 PR B, 0T pienr
P EAE LA BRI 1 5 A B b g Sl IR I E% Fig.1 ATR spectra of PSF (a), Gy,4(20%)-
XA SR T 9% Gemini 4544 (1 18 35 7K M )5 A PSF(b) and Gy, 4(20%)-PSF/NaOH(¢)

H)—COOHREUXWEMFL ). Jiob, TELad iaiAb 3 A IR B LT AR i, BR T 1730 em™ BRI B3 S 4
fIEWESD, #E 1680 em™ Kb H BB RFIEIE , X [RIRE 2 B T Gemini Z544) i 557K M J5 A= BLI—COOH &
Vi) 1 SR R T s>

FIRAHTRI, Gemini ZEBRIE S T /K MRA B I 1) 23 /K 1 BE LA ) 1 4 s R e 1) DR K 1 i
BEHEE A OH LR MK MEEIE. J34b, FELmAb P LIRS 2D NS R h, 7E 1220 F11645 om ™ 4b H B
il R TR L P C—N PR3 >, H 2870 13030 em ™' Ab HBR Y C—H 25 il B Sl s 114 i X
BaR B i AS AL —EUE Gemini 431 C AETENR 2544 P ELIG L 0 /K .
22 AREMESF

MHER4l PSF 15 Gy ,4(20%) -PSF, G,,,,,(20% ) -PSF Fil G,q,.o(20% ) -PSF BH #5138 el iy ke &
PE, 25 ULIE 2. B 2 AT, PSF BRAFAE 2 S BL

100

MR R, 55 1 B BUZ 100~500 °C, H P &5 S
B FRAVERIBIE ; 45 2 B BOR IR SRR T, = §

500 CHIFEBIZ , HEPUE RIS, Gemi- £
ni(20%)-PSF BEAFEAE 3 MW BRI ISR TR | 45 1 "

B BER 100~220 °C , 35— B B i 2k AR A2 ol

W6 Ak RIBR AT BRI, 4 2 BB R 220~ 00 a0 o

480 C, X —FrBey Bk )& Gemini F4E [ Z= Temperature/'C

Bl 3 P R A A Gemini B B 3120 iff 1 LR 5 26 3 Fig.2 TGA curves of PSF (a), Gy, (20%)-
BBt T =480 °C 1Y T 45 2 22 th RN 4 40 PSF(b), G,,.,(20%)-PSF(c) and G,
fiff e ALY (20%) - PSF(d)

ATLUE 1, 53 iR BERE AR T PSF B, Gemini (20% ) -PSF B Y #AF8 E MR 22 — 2. K Gemini £
KPS Jifinl % B4, MM 5L A A BB e, FEORNZS R MASTE ,, RIS L8088 5 12 B
ZEF0. B Gemini(20% ) -PSF R A FER & MEATINE O T SCHR [ 25 ] i 18 1) S0 Y 2 Ak SR BRUBSE Ay A .
SCHR[ 25 ] 4HE B P SEAL RIS 72 ROUE 42 I BRI TR, RIS e — e AR 32 BIR, 76
350 CZEAT RPUE BT UG B A, B, nT LA AR SCHT A3 1 Gemini (w% ) -PSF & & B H A 4 #82
FEPE.

2.3 SKEMAMKENE

MU Gemini 83 [T PRI A A0 28 R T 7380, 254 OO BT B F-3e e 5 /K 3R 5210, Gemini 3R
T PR B 2% I 25% i BB 22, DR AR SCIE#F Gemini BA%H A 5%, 10%, 15% 1 20% i
17758, R MA 3 Fis.

4l PSF B S /KN | (RTINS R T & A7 3 25 K M 24 N LY Gemini J5, #0387 2 AP
FOKYERE, R T AR FKR.

K 3 AT LAE W, & KRME Gemini & &N FF. — 5 Gemini 43 FH &4 2 36K MEZ
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Fig.3 Water uptake(A) and swelling ratio( B) of Gemini-PSF anion exchange membranes
a. Gg,g(w%)-PSF; b. Gy, (w%)- PSF; c. Gygyq6(w% ) - PSE.

B NTHEH, BEA Gemini F &3, N*RERIBEHG N, S/KAEH ETV, BAE A Ty PR 76 P8
BE, BHATFKSFRFEA; 53— Gemini U e JE 7K i J5 7= Az o B K ML M —OH |, Gemini &
3 I PR LK A HE ) —OH B 2.

BRI KR I R, BIrEA s, TEfli i Re b2 BB 5, Zyiednt, wsi/ DI A, A Sl s o B B 1
SRR, B —E SRR, IR, fE—E TR EARIE 1 S IRn A fir. TR E B ss
FECE , ROBEELY, 2l PSEF R B KM, RIEEMA Gemini J5 M0 T A K R, (BAR7E— & 2 L
BRI T RER K. BRI BRI, BV Gemini 2544 i YRR RS Eﬁlﬁi'% Gemini K AkFEAH
HEH—OH DI R & A 28k N IERIB A5, A55RAT LAARSL0R B AE iR G il b, AN ax ik, BRI L 3 8 i 4
Al LIS 3 22 .

UEAh, 7€ Gemini 844 & BAFIIEN T, BEE Gemini L5 IREE K E MG, &K FZ WAL
JR PR 2 Gemini BREEHG K, BE/R BT/, FECGEILIA] | FeELHCE A 80, Kt B9 —OH i b
ZWD, A MRS KRR, AR A BB, I3 TR MK MO, LA 1K Ar T IEA
W2 FECE KRR
2.4 A iERE

FEA R SE B il A R v e B A — LR R B, B CROLAE N T R rh AN A I R T4,
T S AT ] i ZIKX(W/F_Hi‘éﬁ?nnHﬁ?ifqﬂ?jﬁfﬁﬂﬁiﬁ&”fﬂ?kﬁﬂ?% 1.

Table 1 Physical-chemical properties of Gemini-PSF anion exchange membranes

Membrane Tensile strength/MPa Elongation at break (%) IEC/( mmol + g7!)
Gy25(5%) -PSF 19.77£0.75 6.02+0.21 0.17+0.020
Gg,5(10%) -PSF 17.07+0.73 5.55+0.25 0.33+0.015
Gg25(15%) -PSF 14.45+0.69 4.34+0.23 0.44+0.020
Gy25(20%) -PSF 8.97+0.74 2.29+0.22 0.61+0.010
G 120.12(5%) -PSF 36.76+0.77 4.98+0.19 0.14+0.015

Gi22.12(10%) -PSF 30.35+0.76 4.23+0.21 0.27+0.020
Gir.12(15%) -PSF 25.57£0.74 3.07+0.22 0.37+0.010
G 122.12(20%) -PSF 17.07£0.75 1.75£0.20 0.56+0.020
Gi62.16(5%) -PSF 56.49+0.78 3.75+0.20 0.12+0.020
Gi62.16(10%) -PSF 44.38+0.76 2.78+0.19 0.21+0.015
Gio2.16(15%) -PSF 36.67+0.72 2.02+0.22 0.30+0.020
G162.16(20%) -PSF 24.87+0.76 1.42+0.23 0.48+0.010

R 10U, BEAE Gemini 73 in, FSEO4 A B RN T 2L S i AR, — D7 18T Gemini 25 &3
%, W E SR ARG, A RN = IEMZM U, RIS R 1 BT, P ECR I AL, P
5 B T MR N[, 55— D7 T, Gemini 30, KBRBEECEIG N, 4> T IRIBG /KM, BELhH4 2
BRI, A, SEBEAAUERR AR 2. (AR T SCHRL 31 ] 128 b RO . 2k fk
RN AR K HIR 24 h S S AERARSREE N 7 MPa, L Z T, Gemini(20% ) -PSF & & R4 {H58 FF
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e AR E] 56. 49 MPa. Ry BRI Eefb 2 76 RANE 28 b B R EAT 2l S A (W e i, 7 — R il
TR BREA 2, T SFEUR G S 24 Re e, 55—, AL i RIS KCREEK, e kKnl k5]
230% , PILHESs IR KR EE A IR NG, RIS iy i 24 3. AR SCAY Gemini (20% ) -PSF B & A
— BRI KE BRI, 7 — R LRER T W2 R A TR, MiBEE Gemini frEEHS
T, Gemini(20% ) -PSF J A7 {5 FE 2 i 38 hn, (H Wy 244K 8B i AR, B U2 Gemini i 1< B2 1
i, BESE T REAOKIME, BRI R R R
25 HBEXR BTFIBEUEIBEFIHE

B B B S 0 B 1) F, S A2 3 A 5 1 R 5 4 S5 Z R IR 35 ), S [RIREE R (30, 40, 50, 60,
70, 80 °C) Gemini (w% )-PSF Ji& ) i 5 R 41 K] 4 o »
iR, = . b

a4l PSF B p TV A7 BH B 1 3k A1 HL 2R K M g '
SHHELTE PSSR WA R N A
Gemini 5| AJ5, PEREKPERES2IGE, F OH #2
BET GRS, IR P AT LAEA T B 7 58 e, R
THSF, AN, Gemini FE A1 AR LK i J5 7 5
SEKMESL A —OH, S OH™ 42 4L T Bk IR 1, 42 Temperature/C
LR T L Gemini 2851 KR R AL 51 R A Fig.4 Anionic conductivity of G,,,-PSF anion
TR T A P HES PHES T8 PR, {88 i A iE i AR

Conductivity/(mS-cm™)
+ W
T T
H\\
QU O

,_

30 40 50 60 70 80

exchange membranes

AT kg, Rk OH™ 58 N4 ) 16 454 b ik 17 a. Gyrs(20%)-PSF; b. Gy s(15%)-PSF;
IR, Pem T ACH B B 1 g i S5 R, ¢. Gars(10%)-PSF; d. Gy,( 5%)-PSF.

HT 1 4 7] UL oA B R T TR, — 5 T TR EE T, SRG W ARt R AT it g
FigshiARIE K, &R a4 v, R M E R, SRR 5 — O, R AT,
Gemini & A1 /) g SR i J5 7 Az s R K MERE A —OH,, o OH 4L T Bk ERTE PR s r, BEE IR AT, TR
BKf—OH Ry, FEUBER K #H AR ET, sk 7 O YL EE S, B LT

4 Gemini TG T AW, 8123t FH R0 Gemini & 3G LT, @ 5L Arrhenius J7
BT ASRE GRS FERIEEE(E,) , FifF Gemini AN, WHILAER TREBHE (K S), 5%
5 OH HYMES) B HAH—2. XK Gemini Z251 K50 (KPS) 51 RG )5, A BB Tl E I il OH”
keI IET - S ST

K6 45 Gyyy(w%)-PSF, G,py n(w%)-PSF Fl G, o (w% )-PSF AUHL G 0l WL FEZ Gemini 75

-2.2 6.5
~ 6.0
23 F 'o -
= 8 55+
TS 24 r Cg 50
o RS2 ~
2 25t & -
= Z 40t
= - - Q ~
2 20 £ 351
27 F S 30F =
28 | 25 1 1 1 1
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1000 77K Wemn(%)
Fig.5 Arrhenius plots for Gg,,-PSF anion Fig.6 Anionic conductivity of Gemini-PSF anion
exchange membranes exchange membranes
a. Gg,5(20%)-PSF, E, =5.75 k]/mol; b. G4 a. Ggog (w%)-PSF; b. Gy (w%)- PSF;
(15%)-PSF, E,=8.10 kI/mol; c. Gg,q(10%)- ¢. Gg16(w%) - PSF.

PSF, E,=9.84 kl/mol; d. Gg,4( 5%)-PSF, E =
13.73 kJ/mol.
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OB, IR SR MR 2 AT R OH Bl i & Al A B T BRI 2 BT
BEOEm, eR Bt B, Gemini FH8ZE, B3R | B SR8,

£ Gemini %575 &t (Gemini S8R 5% , 10%, 15% , 20% ) FIBIRAMET | BRI K B TR
BUREAR, XJE P AT 1Y Gemini BREEBH BE /R B8N, I & T B A0 2Rl B B sl /b, — 5 T 2
B HE P A B OH ™ Stk /b | RS 1S BE T IR AIR. 55— 7 ThT MR R /K A 1 19— OH. BBk i/, P
fe ey OH™ RYBRERTEVE s/, FEORFHRTEE. Ji8h, BUKYEY) BTE & s, A St A F] T 53
LT

R 2 T LR BT T3S 30 #1180 C T & v acHiht | SR L SR S8 A bt 19 LU (H
(Con/IEC).

Table 2 IEC and conductivity values reported in the literature for different

anionic exchange membranes

Membrane IEC/(mmol + g™')  Conductivity/(mS - em™) Con/IEC Ref.

Gyag(5%) -PSF 0.17 1.73(30 C) 10.20 This Reaserch

Gy25(5%) -PSF 0.17 3.78(80 C) 22.20 This Reaserch
Polystyrene ( ethylene utylenes) 0.57 0.69(30 C) 1.21 [27]
Silica/poly(2,6-dimethyl-1,4-phenylene oxied 2.01 12.00(30 C) 5.96 [28]
Poly ( MMA-co-BA-co-VBC) 1.25 5.20(80 C) 7.80 [29]
Poly (arylene ether sulfone) 2.62 15.00( 80 °C) 10.20 [30]

T, Gemini (w% ) -PSF BH 525 46 I 10 H 5% 0 SR 20 Sk i 3 1 B 25 1 28 40 JE ) |l R
&, 1H Gemini (w% ) -PSF [ B 128 I 19 55 7 38 e i 52/, Gemini 7 &84 5% 28 #: % 1 Con/IEC
(30 °C) F A3k 10.2, 80 °C F ik 22.2, Uil Gemini(w% ) -PSF R BA{7 254 1 A By BEA% 136 1) iy 5 0
K, BT . R EA FHES s e S s s, T F A R aE s, intk
TR, WMl s iU, AR A AL OH .

2.6 T
A Gy, o(w% ) -PSF 2B ], 44 HIZHIAE 6 mol/L KOH BRI 240 h, 4EFF 48 h Il Hir G |
SELANIE 7 R, N T TTLAE SR 0.995 —
W, (ASBUN, FIRIREENA 2. 0%, HLAMILE S Lo —
PP W] AL SR A BB A4 Gemini 0.980 fm
BREEAT R B | O OH BB ERL, (f OH™ M € 0975
I ASCHBEBREREN 55 | A ST RS i, B o
J B AL 1) B e B R Y - 37 1 S A BRAR JR T
R, FEE LA AR, EEAIR L, S "

HFWE. (I TEARGH KRN LR
SO, TR TP A — WA B 1

Alkali resistance of G,,,-PSF anion

exchange membranes after immersion

W ’ Eﬂﬁ%%ﬁﬂ:ﬁ%’ {Bmgﬁiﬁﬂd\' j]ﬂ/\%l?’i?ﬂ“ﬁ, in 6 mol/L NaOH solution at 80 °C for
fifi Gemini ZAERAIG1 R RE, WK THFHEF 240 h

WAL, e E s, I8 EA a. Gy, 4(5%) -PSF; b. Gy, 5(10%) -PSF;

F, IR T B FEBER. B TR A 5 a4 ¢ Gyo5(15%) -PSF; d. Gy, 4(20%) -PSF.

F o 2 b e BAT B9 S 00 A 2 A8 E PR RE, 1 Gemini (w%) -PSF 2 45 IR EAT 110 53 1) T B A8
PERE.

3 & #

-

PARIA(PSF) N EREWIFEST , 51 AHE FREWE R Gemini, 2451 &FidHREN (KPS) ¥ Gemini
NG ERE, MSHFUIRE FHES BB GO, ARObiE TS F il & KR | 738
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i | SR HhaREESER N 8 1, Gemini 441N 20% HYAS B B EfiEf (3, 7F 80 °C Hi & n ik 3|
3.776 mS/cm. T ELZZR YA 240 h BUBRPEIRES 2 o fska e v, Hid SR R IR U 2. 0%,
P S A T B o 1
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In situ Initiation, Polymerization and Construction of Cationic Active

Sites of Gemini Molecules in Polysulfone Substrates’

YANG Jiarui, WANG Yifu, WANG Jilin*, WANG Lulu, FENG Ruijiang
(School of Petroleum and Chemical Technology, College of Chemisiry, Chemical Engineering and

Environment Engineering, Liaoning Shihua University, Fushun 113001, China)

Abstract Gemini-type polymerizable cationic surfactant monomer( maleate diethyl bis [ octyl (dodecyl, hexa-
decyl) dimethyl chloride/ammonium bromide | ) ( Gy, Gyspns Gieais) was introduced into a chloroform
casting solution of a polysulfone( PSF) polymer, with the help of potassium persulfate (KPS) initiator, in situ
initiation of the aforementioned Gemini molecule polymerization, thereby preparing a Gemini/ polysulfone anion
exchange membrane with an ordered array of cationic active sites. The anion conductive film was subjected to
structural characterization and performance testing. The results showed that with the increase of Gemini con-
tent, the indexes of water uptake, swelling ratio, ion exchange capacity and electrical conductivity showed an
increasing trend. With the growth of hydrophobic carbon chains in the Gemini structured, the water uptake,
swelling ratio, ion exchange capacity, conductivity, elongation at break and so on decrease, the tensile
strength of the membrane material increased. When the mass fraction of Gemini was 20% and the carbon num-
ber of hydrophobic hydrocarbon chain was 8, the water uptake was 12.35%, the swelling ratio was only
10. 13%, the ion exchange capacity was 0. 61 mmol/g, and the conductivity was 3.776 mS/cm at 80 C.
Alkali resistance of Gg,-PSF series membranes was investigated at 80 “C and 6 mol/L. KOH alkaline, the
results showed that after 240 h of alkali-bubble, the highest decrease in conductivity was only 2. 0%, showing
a good alkali stability.

Keywords Polysulfone; Gemini surfactant; Anionic exchange membrane; Alkali resistance stability
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